Abstract. The failure which can't be quickly removed in 35kV system of wind farm is one of the main reasons for the shutting down of the wind turbine. The differential current protection installed in 35kV Line of wind farm can remove the fault quickly, shorten the system fault time and avoid the shutting down of non-fault wind turbines, so that the stability of power system integrating wind farms is enhanced. The simulation model of a power system integrating wind farms is set up in MATLAB, and the effects of differential line protection are compared with traditional three-phase current protection for various faults on 35kV lines of wind farm. The results show that the differential protection can enhance the stable operation ability of wind farm.
Introduction
Wind power generation is low carbon and environment friendly, and has huge market potential. However, the shutting down of wind turbine which often appears in power system integrating wind farms has a different impact on the power system [1] [2] [3] [4] [5] . Because the 35kV and below line belongs to the distribution network in the power system, three-section over-current protection is only configured according to the general rules. On this account the fault in 35kV system of wind farm can't be removed quickly which lead to the expansion of accidents and the increase in the disconnection capacity of the wind turbines. For example, in April 2011, after the L2 to L3 faults occurred in the 35kV line of Jiaxin wind farm in Zhangbei, there was no rapid removal of the fault which result in a large-scale disconnection of wind turbines [6] . The reasons of shutting down of wind turbines are analyzed in this paper. Longitudinal differential protection which have both selectivity and mobility is used to instead conventional three-section over-current protection. The simulation model of a power system integrating wind farms is built based on MATLAB, the simulation study is carried and the methods of improving the stable operation ability of wind farms are studied.
Wind Turbine and Line Protection Configuration
Wind farm protection is mainly composed of wind turbine protection, feeder protection, transformer protection and 35kV line protection. When the fault occurs in 35kV line, the actions of protection on wind farm operation are mainly related to wind turbine protection and 35kV line protection.
Protection Configuration of Wind Turbine
At present, the main type of wind turbine is doubly-fed generator, which adopts variable-speed, constant-frequency way. The power module of its key component (converter) mainly use the insulated gate bipolar transistor (IGBT). The component is the primary protective object of the doubly-fed generator because of the poor overload ability of IGBT. According to general rules, the necessary protections include current instantaneous trip protection, DC over-voltage protection, etc. The protection configuration is shown in table 1. 
Protection Configuration of 35kV Line
The 35kV line generally belongs to the less important distribution network and the economical efficiency is more concerned in the protection configuration than the 110kV line. In addition, 35kV distribution lines have generally only one power source and it is not very important to configure the longitudinal current differential protection. Therefore, the 35kV line generally configures three-section current protection (the main protection is current instantaneous trip protection SD and time delay current instantaneous trip protection OC). The setting value is shown in table 2. However, the wind farm's 35kV line is different from the general 35kV line. The former is not only the distribution line, but also the link-up line in which both two terminals have power source. Therefore, in addition to the above configuration, the longitudinal current differential protection (CD) can also be selected in the wind farm's 35kV line and the protection connection is shown in Fig.1 . In the figure, S, W respectively represent 35kV bus lines of system side and wind farm side, QF1, QF2 respectively represent breakers of system side and wind farm side and TA1, TA2 respectively represent current transformers of system side and wind farm side. 'Line' is 35kV line. 
Where, I CD is the protective action current, I r is the braking current, I 1 is the current of the line in system side, I 2 is the current of the line in wind farm side, I SET is the setting value of the differential action current which is 1p.u.
A Power System Integrating Wind Farm and Its Simulation Model
A power system integrating wind farm is shown in figure 2 which is composed of the wind turbine A and B (WTA, WTB), wind farm load (Load1, Load2), transformer T1~T3, 110kV system (110kV power source 'S' and line 'Line3'), 35kV line (Line1, Line2), etc. Above wind turbines are doubly-fed generators with a capacity of 1.5MW which adopt vector model of hydro in Quebec, Canada. The WTA adopts constant wind speed model and the speed is 11m/s; The WTB adopts gradient wind speed model and the speed is from 8m/s to 11m/s in 5s. Both WTA and WTB all adopt voltage-controlled mode in which terminal voltage are controlled at 1p.u. The capacity of short circuit in 110kV system is 200MVA. The output voltage of the wind turbine is 575V, which is stepped up to 35kV and collected to 35kV system bus through 10km long overhead line. Simulation model of above power system is shown in figure 3 in which system side of 35kV line is 'S' and wind farm side is 'W'. K1 is the failure of S side, K2 is the failure of line midpoint, K3 is the failure of W side. The protected subsystem in figure 3 adopts digital virtual relay(trip module). 
Simulation Study
Supposed that 35kV line of WTA occurs all types of faults in K1, K2 ,K3 which are single line to ground fault f(1), line to line fault f(2), double line to ground fault f(1,1) and three phase short circuit fault f(3). The fault occurs at 35s and the duration is 0.2s. The protection action times when adopt three-section current protection scheme and the longitudinal differential protection scheme are shown in table 3. The protection action time in table 3 is calculated from the started time of the fault, which contains the breaking time of breaker(40ms). "/"indicates that the protection don't operate. It can be seen from table 3,when various faults occur at K1, K2 or K3, above two schemes can quickly remove faults (when fault occurs at K3, the protection action time of three-section current protection scheme is 0.14s which is slower than the differential protection CD 0.04s) and WTA turbine protection operate to disconnect WTA. When three-phase metallicity short circuit occurs at K1, no matter which scheme is adopted, because the voltage of 35kV system side drops to 0kV, WTB voltage is too low and DC over-voltage protection operates instantaneously which cause WTB off power system. When double line to ground fault or three phase short circuit fault occur at K3, WTB is removed because the time delay current instantaneous trip of three-section scheme is slow. If use the longitudinal differential scheme, it is not only rapid but also selective, and the WTB's disconnection can be avoided. The voltage curves of bus B575B in two protection schemes are shown in Fig.4 when three phase short circuit occurs at K3. After the failure, the voltage of B575A drops to 0V and DC over-voltage protection operates instantaneously which cause WTA removed. If it adopts three section protection scheme, the fault is not removed until 0.14s, but at 0.11s WTB is removed by AC positive sequence low voltage protection. The process is shown in the dotted line. If it adopts longitudinal differential protection scheme, the fault is removed at 0.04s and WTB voltage is return to normal at 0.06s which make system run continually and steadily as shown in the solid line.
Bus B575B voltage Figure 4 . The voltage curves of Bus B575B in two protection schemes for three-phase short circuit fault in K3.
Conclusion
If 35kV system of the wind farm only configures three-section over-current protection, the fault in 35kV line can't be quickly removed which can lead to the expansion of accidents and the increase in the disconnection capacity of the wind turbines. In this study, the longitudinal differential protection which has both selectivity and rapidity is used to substitute conventional three-section over-current protection, and the simulation model of a power system integrating wind farm is built and analyzed. The simulation results show that using the longitudinal differential current protection can remove the fault quickly, avoid the non-fault wind turbine off system and improve the stable operation ability of wind farm. It is also feasible in engineering because the current 35kV system adopts vacuum circuit breaker and the breaking time can be reduced to within 40ms (excluding the quenching time), which can meet the requirement of rapid removal of the fault. It is suggested that the protection configuration research of power system containing wind farm need to be strengthen and the line protection of wind farm is transformed to the longitudinal differential protection, which can decrease the removed capacity of wind turbine and be good for the safe and stable operation of power system.
